1.. Introduction {#S0001}
================

The situation with the ongoing epidemic of coronavirus disease 2019 (COVID-19) that started in Wuhan, China, continued to rapidly evolve and this coronavirus was named as severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2) by the World Health Organization and International Committee on Taxonomy of Viruses \[[1](#CIT0001)\].

The novel of COVID-19 has become a global health emergency. As of 16 March 2020, China had confirmed 80 881 cases of COVID-19 and there had been 3226 deaths. Except for China, 154 other nations have reported 100 286 COVID-19 confirmed cases and 3926 deaths.

Previous reports had descried the clinical characters of the patients with COVID-19 \[[2](#CIT0002)\]. Except for pneumonia, SARS-CoV-2 may also cause damage to other organs such as the heart, the liver, and the kidneys, as well as to organ systems such as the blood and the immune system \[[3](#CIT0003),[4](#CIT0004)\]. The relation of original comorbidities and prognosis of COVID-19 infection remains uncertain. This study attempts to investigate the effect of essential organ-based comorbidities on the prognosis of COVID-19-infected patients.

2.. Methods {#S0002}
===========

2.1.. Study design and participants {#S0002-S2001}
-----------------------------------

All consecutive patients diagnosed with COVID-19 admitted to the Renmin Hospital of Wuhan University from 11 January to 16 March 2020 were enrolled in this retrospective cohort study. We obtained oral informed consent from all patients enrolled in the study. A confirmed COVID-19 case was defined as a positive result on real-time reverse transcription-polymerase chain reaction (RT-PCR) for the presence of SARS-CoV-2 in pharyngeal swab specimens. Open reading frame 1ab (ORF1ab) and nucleocapsid protein (N) were simultaneously amplified and tested during the real-time RT-PCR assay. The real-time RT-PCR assay was performed using a SARS-CoV-2 nucleic acid detection kit, according to the manufacturer's protocol (Shanghai bio-germ Medical Technology Co Ltd). This case series was approved by the institutional ethics board of Zhongnan Hospital of Wuhan University (No. 2020020).

2.2.. Definitions and severity of organ injuries {#S0002-S2002}
------------------------------------------------

### 2.2.1.. Cardiac injury {#S0002-S2002-S3001}

Cardiac injury was defined if the serum levels of cardiac biomarkers (e.g. troponin I) were above the 99th percentile upper reference limit or new abnormalities were shown in electrocardiography and echocardiography \[[2](#CIT0002)\]. The assessment of cardiac functional status was based on Killip classification standard.

### 2.2.2.. Liver injury {#S0002-S2002-S3002}

The classification standard of liver injury was referred to the literature \[[5](#CIT0005)\]. ALT was used as the observation index, and the upper limit of normal (ULN) was 46 U/L. ALT in Level 1, Level 2, Level 3, and Level 4 of liver injury ranged from 1.25 to 2.5 ULN, 2.5--5.0 ULN, 5.0--10.0 ULN, and \>10.0 ULN, respectively.

### 2.2.3.. Kidney injury {#S0002-S2002-S3003}

Acute kidney injury was diagnosed according to the Kidney Disease: Improving Global Outcomes (KDIGO) clinical practice guidelines \[[6](#CIT0006)\].

2.3.. Data collection {#S0002-S2003}
---------------------

Three physicians collected and reviewed the data. The epidemiological data, medical history, underlying comorbidities, symptoms, and signs both at admission and during follow-up, laboratory findings, chest computed tomographic (CT) scans, real-time RT-PCR detection results, and survival data were obtained from patients' electronic medical records. Laboratory values and chest CT scans were collected at admission. The clinical outcomes were followed up until March 31^th^, 2020.

2.4.. Statistical analysis {#S0002-S2004}
--------------------------

Categorical variables were described as frequency rates and percentages, and proportions for categorical variables were compared using the χ2 test, although the Fisher exact test was used when the data were limited. Continuous variables were described using mean, median, and interquartile range (IQR) values. Means for continuous variables were compared using independent group *t-*tests when the data were normally distributed; otherwise, the Mann--Whitney test was used. All statistical analyses were performed using SPSS (Statistical Package for the Social Sciences) version 13.0 software (SPSS Inc). For unadjusted comparisons, a ﻿two-sided α of less than .05 was considered statistically significant.

3.. Results {#S0003}
===========

3.1.. Baseline characteristics {#S0003-S2001}
------------------------------

A total of 212 COVID-19 patients confirmed via PCR detection of SARS-CoV-2 in Zhongnan Hospital of Wuhan University from 24 December 2019 to 24 February 2020 were included in this study. The median age was 55.6 years (IQR, 40--67; range, 20--91 years). Among them, 107 (50.5%) were men, with a median age of 54.6 years (IQR, 46--67; range, 33--91 years), and 105 (49.5%) were women, with a median age of 56.1 years (IQR, 45--68; range, 20--85 years). Of the 212 COVID-19 patients, 89 (42.0%) had at least one chronic comorbidity. The proportion of cardiovascular diseases, liver diseases, kidney diseases, and ≥2 comorbidities were 15.6%(33/212), 10.8%(23/212), 5.2%(11/212), and 10.4%(22/212), respectively.

3.2.. Age and sex with the comorbidities and death {#S0003-S2002}
--------------------------------------------------

The proportions of comorbidities in COVID-19 patients whose age ≤44, 45--64, ≥65 years were 17.4%(12/69), 46.9%(38/81), and 62.9%(39/62), respectively, which exerted significantly differences (*P *\< 0.001). COVID-19-related mortality also increased with age (*P *\< 0.001), presenting 4.3%(3/69), 6.2%(5/81), and 27.4%(17/62) in patients whose age ≤44, 45--64, ≥65 years, respectively. The incidence of complications is similar in men and women (*P *= 0.762), but the mortality is significantly higher in men than in women \[19.6%(21/107) vs 3.8%(4/105), *P *\< 0.001\] ([Table 1](#T0001)). 10.1080/17476348.2020.1761791-T0001Table 1.The associations of age and sex with the comorbidities and death.  ComorbiditiesDeath Total Number*n*,%*X^2^Pn*,%*X^2^P*Age  29.0810.000 20.6910.000≤44 (years)6912(17.4%)－－3(4.3%)－－45--64 (years)8138(46.9%)－－5(6.2%)－－≥65 (years)6239(62.9%)－－17(27.4%)－－Gender  0.0900.764 12.7450.000Male10746(43.0%)－－21(19.6%)－－Female10543(41.0%)－－4(3.8%)－－

3.3.. Essential organ injury and death on different admission days {#S0003-S2003}
------------------------------------------------------------------

According to admission days, the COVID-19 patients were divided into ≤7 days, 8--14 days, 15--21 days, 22--28 days, and ≥29 days, the incidence of essential organ injury was 14.0%(8/57), 19.4%(20/103), 25.6%(10/39), 44.4%(4/9), and 100.0%(4/4), respectively, which exerted significantly differences (*P *\< 0.001). Also, the mortality increased with admission days (*P *= 0.034), presenting 5.3%(3/57), 10.7%(11/103), 17.9%(7/39), 22.2%(2/9), and 50.0%(2/4) in above groups, respectively ([Table 2](#T0002)). 10.1080/17476348.2020.1761791-T0002Table 2.The timetable of essential organ injury and death.Admission DaysTotal NumberEssential Organ Injury (*n*,%)Death (*n*,%)≤7578(14.0%)3(5.3%)8--1410320(19.4%)11(10.7%)15--213910(25.6%)7(17.9%)22--2894(44.4%)2(22.2%)≥2944(100.0%)2(50.0%)*X^2^*－19.81810.435*P*－0.0010.034

3.4.. Comorbidities and prognosis of COVID-19 infection patients {#S0003-S2004}
----------------------------------------------------------------

Compared to COVID-19 patients without heart-based comorbidities, a greater proportion of patients developed myocardial injury in patients with heart-based comorbidities \[9.1%(3/33) vs 2.2%(4/179), *P *= 0.043\], while the similar results were shown for liver injury in patients with liver-based comorbidities \[13.0%(3/23) vs 3.2%(6/189), *P *= 0.027\], kidney injury in patients with kidney-based comorbidities \[54.5%(6/11) vs 2.0%(4/201), *P *\< 0.001\], and more than two kinds of essential organ injuries \[59.1%(13/22) vs 3.6%(7/192), *P *\< 0.001\] ([Table 3](#T0003)). 10.1080/17476348.2020.1761791-T0003Table 3.The effect of essential organ-based comorbidities on the prognosis of COVID-19-infected patients. Related Organ Injury   With ComorbiditiesWithout Comorbidities*X*^*2*^*P*Heart9.1%(3/33)2.2%(4/179)4.1020.043Liver13.0%(3/23)3.2%(6/189)4.9130.027Kidney54.5%(6/11)2.0%(4/201)64.0930.000≥2 Essential organs59.1%(13/22)3.6%(7/192)71.6200.000 Total Mortality   With ComorbiditiesWithout Comorbidities*X*^*2*^*P*Heart6.1%(2/33)0.6%(1/179)6.0460.014Liver8.7%(2/23)0.5%(1/189)9.8020.002Kidney27.3%(3/11)1.0%(2/201)31.2720.000≥2 Essential organs40.9%(9/22)2.6%(5/192)47.3680.000

Moreover, compared to COVID-19 patients without comorbidities, the higher mortality was also shown in COVID-19 patients with heart-based comorbidities \[6.1%(2/33) vs 0.6%(1/179), *P *= 0.014\], with liver-based comorbidities \[8.7%(2/23) vs 0.5%(1/189), *P *= 0.002\], with kidney-based comorbidities \[27.3%(3/11) vs 1.0%(2/201), *P *\< 0.001\], and with more than two kinds of essential organ-based comorbidities \[40.9%(9/22) vs 2.6%(5/192), *P *\< 0.001\] ([Table 3](#T0003)).

3.5.. *Level of essential organ injury and prog*nosis of COVID-19 infection patients {#S0003-S2005}
------------------------------------------------------------------------------------

The mortality was 0%(0/7), 28.6%(2/7), 33.3%(2/6), and 100.0%(2/2), respectively, in COVID-19 patients with cardiac function grade 1--4 (*P *= 0.044).

The same phenomenon of higher mortality with more severe organ injuries can be also observed in liver injury and kidney injury, which presenting 6.3%(1/16), 44.4%(4/9), 66.7%(2/3), and 100.0%(1/1) in COVID-19 patients with liver function grade 1--4 (*P *= 0.020), respectively, and 20.0%(4/20), 66.7%(2/3), 50.0%(1/2), and 100.0%(3/3) in COVID-19 patients with kidney function grade 1--4 (*P *= 0.030), respectively ([Table 4](#T0004)). 10.1080/17476348.2020.1761791-T0004Table 4.The level of essential organ injury on the prognosis of COVID-19-infected patients. Total NumberDeath (*n*,%)*X^2^P*Cardiac injury  8.0750.044Grade 170(0%)  Grade 272(28.6%)  Grade 362(33.3%)  Grade 422(100%)  Liver injury  9.8450.0201.25 ULN \< ALT ≤ 2.5 ULN161(6.3%)  2.5 ULN \< ALT ≤ 5.0 ULN94(44.4%)  5.0 ULN \< ALT ≤ 10.0 ULN32(66.7%)  ALT \>10.0ULN11(100%)  Kidney injury  8.9810.030133 \< Cr ≤ 177 µmol/L204(20.0%)  177\< Cr ≤ 442 µmol/L32(66.7%)  442\< Cr ≤ 707 µmol/L21(50.0%)  Cr \>707 µmol/L33(100%)  

4.. Discussion {#S0004}
==============

People of all ages are susceptible to SARS-CoV-2 infection. It is well known that older people are more likely to be associated with essential organ-related comorbidities. This pattern was confirmed by the data of 212 COVID-19 patients in this study, and the data also showed that older patients were significantly more likely to die, which was consistent with other studies \[[2](#CIT0002)--[4](#CIT0004)\]. It is interesting that although the data in this study showed no difference in the infection rates of essential organ-related comorbidities between men and women, men were prone to have a poor prognosis. The result was consistent with another report presenting male was an independent risk factor to influence the improvement of COVID-19 patients \[[7](#CIT0007)\].

In this study, 88.2%(187/212) of the patients were improved in hospital during follow-up. Twenty-five patients died and the mortality rate was 11.8%(25/212). The mortality rate in our study was higher than that indicated in other reports \[[7](#CIT0007),[8](#CIT0008)\] in China but similar to that reported in Italy \[[9](#CIT0009)\]. This heterogeneity is probably due to differences in the case inclusion criteria. As a designated medical institution, our hospital mainly managed COVID-19 patients with severe diseases, which may be the main reason for the higher mortality in this study.

The data in this study further confirmed that COVID-19 patients with longer duration in hospital were more likely to suffer heart, liver and kidney injuries, and higher mortality. We believe that severe COVID-19 patients often require longer duration in hospital, which should be the primary cause of the bad outcomes and poor prognosis for those patients with longer admission days.

In our study population, there were 89 patients (42.0%) who had at least one kind of essential organ-based comorbidities. Previous studies reported non-survivors present a higher proportion of various co-existing chronic illnesses in univariate analysis \[[4](#CIT0004),[10](#CIT0010)--[12](#CIT0012)\]. Consistent with previous reports \[[10](#CIT0010),[13](#CIT0013),[14](#CIT0014)\], our study indicated that COVID-19 patients with heart, liver, and kidney comorbidities had a higher risk of related organ injuries and death, compared with those without comorbidities. The cardiac, liver, and kidney complications can occur precipitously at any point during hospitalization and are increasingly being described as late complications that can occur after improvements in a patient's respiratory status. Although it is impossible to distinguish whether heart, liver, and kidney injury were caused by viral infection, or drug-related side effects during treatment, or by existing comorbidities, we observed a higher mortality in COVID-19 patients with more severe grade of existing comorbidities. The result suggested that existing comorbidities were at least one of the factors contributing to COVID-19-related deaths. During the treatment of COVID-19 patients, except for focusing on respiratory failure from acute respiratory distress syndrome (ARDS) caused by COVID-19 infection, a series of organ-injuries and deaths related to heart, liver, and kidney comorbidities were also worthy of close monitoring.

There are some limitations of this study. First, a small number of COVID-19 patients were analyzed in this study, which might lead to selection bias. Due to the specific classification management of COVID-19 patients in designated hospitals during the special periods, to a certain extent, the data in our study can represent the situation of moderate to severe COVID-19 patients. Second, comorbidities such as diabetes and hypertension, which can also affect the prognosis of COVID-19 patients, were not analyzed. After enough cases have been managed, these comorbidities would be analyzed in the future.

5.. Conclusion {#S0005}
==============

Older, male patients with SARS-CoV-2 infection showed a higher mortality risk. Organ function damage and death are more likely to occur in COVID-19 patients with primary diseases of heart, liver, or kidney. The Grades of organ damage were positively correlated with the mortality.

Article highlights {#S0006}
==================

The epidemic of the novel coronavirus disease 2019 (COVID-19) started in Wuhan.Older patients had poor outcome after SARS-CoV-2 infection.Heart, liver, and kidney comorbidities were common in COVID-19 patients.COVID-19 patients with co-existing heart, liver, and kidney comorbidities were more likely to die.The Grade of heart, liver, and kidney injuries had a great influence on the prognosis of COVID-19 patients.
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